hardware is frequently associated with variable-sized soft tissue defects, multi-drug resistant infections, and the extensive fibrosis of the adjacent tissue due to trauma and previous surgery. Complications related to exposed hardware can include infected non-unions and delayed rehabilitation, ultimately damaging the patient's overall quality of life. The management of exposed hardware in patients with lower extremity fractures must achieve multiple complex goals, which include the achievement of bony union, the eradication of infection, and the durable coverage of soft tissue defects with well-vascularized tissues. Ultimately it is hoped to salvage of the extremity while preventing unnecessary deformities and allowing for early rehabilitation. Here, we report on 14 cases of exposed hardware in patients who had previously sustained lower extremity fractures, and discuss how to handle hardware exposure and soft tissue coverage.
MATERIALS AND METHODS
Between October 2011 and October 2015, a total of 14 cases of hardware exposure from 13 patients who had previously been managed for lower extremity fractures with internal fixation were included in this study. In all cases, the soft tissue over the fracture site and hardware were well covered at the time of the initial surgery, however, the wounds were developed later with soft tissue breakdown. These patients required surgical debridement, revised surgery by the orthopedic surgical team and reconstruction with fasciocutaneous perforator flaps. A retrospective chart review was performed to collect data regarding the type of trauma sustained, the size of the resulting soft tissue defect, the management of the exposed hardware, the condition of the lower extremity vasculature, the presence of wound infections or osteomyelitis, the time until bony union, and any resultant complications. The management of an exposed hardware by our service depended upon the presence of bony union and loosened hardware. If bony union had been achieved, we removed the hardware and covered the defect using a perforator flap. If the bony union had not yet been achieved and the hardware was loose, we exchanged the hardware. If the hardware was not loose, it was preserved ( Fig. 1 ). The current study was approved by the Institutional Review Board (IRB) of our medical institution (IRB approval number: AJIRB-MED-MDB-15-463). Because the current study was based on retrospective chart reviews, the written informed consent was excused.
RESULTS
We performed surgeries on 14 cases from 13 patients who suffered from hardware exposure following the management of lower extremity fractures, and were treated with debridement, management of the exposed hardware, and reconstruction using fasciocutaneous perforator flaps ( Table 1 ). The age of patients ranged from 15 to 77 years (average, 36.38 years), and included ten men and three women. The mechanism of the initial injury was a fall in seven cases, a traffic accident in six cases, and an accident while skateboarding in one case. Of the 14 cases included, 5 were open fractures at the time of the initial injury, and 9 were closed. There were 10 wound infections that were confirmed by a deep tissue culture. And there were three cases of osteomyelitis that were confirmed by a bone scan. In all cases, the vascular status of the lower extremity was examined before surgery. There was no evidence of arterial stenosis or occlusion in all cases. We performed surgical debridement once or twice as the situation demanded. Vacuum-assisted-closure therapy (CuraVAC; Daewoong Bio, Seoul, Korea) was applied during the surgical debridement and maintained until the definitive flap surgery. The size of the surface defect after the debridement (assuming an oval-shaped defect) ranged from 2.25 to 130 cm 2 (average, 29.45 cm 2 ). We kept the hardware intact in eleven of the 14 cases (including one osteomyelitis case). Otherwise, we exchanged the hardware in three cases because of device loosening (including two osteomyelitis case). An anterolateral thigh (ALT) free flap was performed in nine cases, a posterior tibial artery perforator-based propeller flap was performed in three cases, and a peroneal artery perforator-based propeller flap was performed in 2 cases.
All flaps survived without major complications. One flap required repeated debridement and closure for partial flap necrosis. There were three cases of persistent infections that required the hardware removal again, repeated debridement and antibiotic therapy. All three cases involved hardware that had been exchanged during the flap surgery because of loosening. One case had been treated with intramedullary (IM) nailing with ALT free flap after removal of exposed metal plate on tibia. This patient suffered from persistent infection and finally treated with external fixation following removal of IM nail again. Another case had been treated with Steinmann pin with ALT free flap after removal of exposed metal plate on calcaneus. This patient also suffered from persistent infection and finally treated with pin removal, repeated debridement and antibiotic impregnated cement beads insertion. The other case had been treated with IM nailing with ALT free flap after removal of exposed metal plate on fibula. This patient was finally treated with IM nail removal again and repeated debridement. The wounds were well-healed after the additional surgeries. Bony union was achieved in all cases, and the time until bony union was ranged from 11 to 72 weeks (average, 39.14 weeks) from the initial injury. Patients were allowed partial weight bearing and rehabilitation upon achieving bone healing. All patients have regained a satisfactory gait following rehabilitation.
Case 1
A 28-year-old female was referred to Department of Plastic and Reconstructive Surgery for hardware exposure over the medial malleolus of her right ankle ( Fig. 2) . The patient had previously sustained a pilon fracture after a skateboarding accident and was treated with open reduction and internal fixation. Four weeks after her initial surgery, the patient visited Department of Plastic and Reconstructive Surgery complaining of skin necrosis over the medial malleolus of her right ankle. After the debridement of necrotic tissue, a 1.5×1.5 cm soft tissue defect with metal plate exposure was observed. There were no signs of infection, and wound cultures were negative. As no hardware loosening was detected, the metal plate was left intact and the soft tissue defect was covered using a posterior tibial artery perforator based rotational flap. Bony union was achieved 30 weeks after the initial injury and the patient became fully ambulatory without any signs of wound recurrence.
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Case 2
A 46-year-old male was referred to Department of Plastic and Reconstructive Surgery because of exposed hardware on his left foot (Fig. 3) . The patient was initially injured in a fall and diagnosed with fractures of the first, second and third metatarsal bases and the medial cuneiform of his left foot. All fractures were treated with open reduction and internal fixation. After the operation, an open wound remained over the fracture site that required serial vacuum-assisted-closure therapy. However, a wound persisted and he was referred to Department of Plastic and Reconstructive Surgery 7 weeks after the initial surgery. After debridement of necrotic soft tissue and bone, a 3×3 cm soft tissue defect with exposed hardware remained. Methicillin-resistant coagulase-negative Staphylococci grew from culture samples taken from the soft tissue around the wound. As no hardware loosening was detected, the metal plate was left intact and the soft tissue defect was covered using an ALT free flap. The patient treated with intravenous antibiotics for 7 weeks. Bony union was achieved 25 weeks after the initial injury and the patient became fully ambulatory without any signs of wound recurrence.
Case 3
A 25-year-old male was referred to Department of Plastic and Reconstructive Surgery for exposed hardware on the antetibial area of his left leg (Fig. 4) . The patient previously sustained a tibiofibular fracture, and was treated with open reduction and internal fixation of his tibia and intramedullary nailing of his fibula at a local clinic. After the surgery, skin necrosis with wound infection developed around the antetibial area. Although the patient was treated with multiple debridements and split-thickness skin grafts by his original surgeons, the wound recurred. The patient was referred to Ajou University Hospital 17 weeks after the initial injury with a 14×4 cm skin and soft tissue defect. Enterobacter Cloacae was cultured from the soft tissue around the wound. The patient was treated with antibiotic impregnated cement beads and removal of hardware followed by intramedullary nailing of his tibia fracture. The soft tissue coverage was performed with an ALT free flap. Despite this therapy, the patient's wound infection recurred 8 weeks after the flap surgery. En- 
Surgical technique
Vessel evaluation was performed by computed tomographic angiography before the surgery and also by Doppler Minidop (Minidop Es-100VX; Hadeco Inc., Kawasaki, Japan) for verification. According to the vessel status and extent of the damage of adjacent tissue, we selected the type of the perforator flap, local flap or free flap. Surgical treatment began with a thorough debridement of the bone and adjacent soft tissue. Infected, nonviable, or fibrotic skin and soft tissue as well as necrotic or sclerotic bone were removed. Deep tissue and bone cultures were performed to identify the pathogens. The management of the exposed hardware by the orthopedic surgical team was based upon the examination of the wound site, which included an evaluation of bony union status and device loosening. After the defect size following meticulous debridement was measured, an ALT free flap or a posterior tibial artery perforator-based propeller flap or a peroneal artery perforator-based propeller flap were harvested as each case demands. The perforator flap harvesting was performed as described previously [1] [2] [3] [4] . A split thickness skin graft was performed concurrently if needed.
DISCUSSION
Hardware exposure is challenging to manage and requires long-term treatment. The traditional management of exposed hardware includes the debridement of all nonviable tissue, the obliteration of any dead space, intravenous antibiotics to eradicate potential co-existing infections and hardware removal 5, 6 . The presence of wound infections or osteomyelitis prolongs the duration of the patient's treatment and is generally associated with a poor prognosis. The source of the wound's bacterial inoculation may be the result of direct contamination during the patient's initial trauma, which is particularly common in open fractures, or during surgical procedure for fracture fixation 6 . The presence of a larger internal plate increases the risk of infection 5 . As bacterial biofilms attached to the hardware are regarded as the main source of persistent infection, many surgeons routinely remove the exposed hardware. However, hardware removal results in a transient problem in bone stability. In many cases another temporary fixation is necessary. This leads to an increase in the number of surgeries required, prolongs the duration of the patient's treatment and increases the total cost of injury management. Regional or free flaps have been recently identified as beneficial to the management of lower extremity trauma in multiple ways. Flap coverage vascularizes the recipient site, fills the dead space, and prevents further contamination 7 . The use of a free tissue transfer for wound coverage allows for the thorough debridement of any dead or infected tissue 8 . Chronic osteomyelitis of the lower extremity can be successfully treated with a wellvascularized flap 1, 9 . It has also been reported that flap surgery is beneficial in the management of an infected non-union of a long bone fracture 10, 11 . In terms of treating cases with hardware exposure, flap surgery has more benefits than simply covering the soft tissue defects that resulted in the exposed hardware. Flap surgery provides a well-vascularized tissue envelope that enhances wound stability, prevents persistent osteomyelitis, and obliterates the dead space that can be a possible infection source. Flaps also improve antibiotic delivery, which can combat any residual infection. Flap surgery therefore provides the necessary conditions to keep the original hardware as long as it has maintained its integrity and has not loosened. The hardware itself can impair host resistance. However, if the hardware provides absolute stability, this benefit may overcome its detrimental effects 12 . Therefore, in cases of adequate hardware stability, the presence of healthy tissue around the fracture site, and the presence of low-virulence microorganisms, we recommend that the pre-existing hardware be retained.
Many previous studies have examined the effects of various fracture fixation techniques, such as external fixation, internal fixation with plates and intramedullary nails, on the infection rate and bony union of fractures of the lower extremity. Each method has its merits and faults. External fixation may result in insufficient reduction, malunion and pin site infection. Open reduction and internal fixation results in extensive soft tissue dissection and periosteal elevation, which is associated with healing complications. The use of intramedullary nails risks of nail propagation into the joint, a discrepancy between the diaphyseal and metaphyseal diameter of the intramedullary canal and osteomyelitis 13 . Generally, the time until bony union and the infection rate are not significantly influenced by the fixation modality [13] [14] [15] . Rather, consensus reports note the importance of early debridement and the start time of definite treatment. The time between the injury and the patient's admission to the definitive trauma treatment center is an independent predictor of the likelihood of infection in open, high-energy lower extremity trauma 15 . Surgical debridement should be performed as soon as the patient's hemodynamic condition permits, especially with respect to open fractures 16 . These reports imply that the patient's surgical outcome, at least in terms of infection, can be adversely affected when the severity of the injury is underestimated or neglected.
We achieved positive results by treating exposed hardware with perforator flaps and maintaining the original hardware, except in the cases where it had loosened. We kept the hardware in eleven out of the 14 cases. Among these, ten cases were accompanied by wound infection and three cases were accompanied by osteomyelitis. Bony union was achieved in all cases in an average of 39.14 weeks, comparable to previous reports on the management of an infected non-union of the tibia 10, 17 . In 3 of the cases we managed a persistent infection that required hardware removal again and repeated debridement. Interestingly, all these three cases involved flap surgery with exchanged hardware previously. There were no cases of persistent infections when the hardware was not exchanged during surgery including one case of osteomyelitis. Hardware loosening is associated with instability at the fracture site, which may increase the risk of infection within the medullary cavity. Additionally, the placement of a new fixation device requires additional bone handling (such as cortical drilling), which results in an increased infection risk. The surgeons should therefore Concerns about the potential for a large, non-viable metal plate under a flap to adversely influence flap survival may exist. However, a previous report demonstrated that neo-vascularization in myocutaneous flaps and muscle flaps primarily comes from the peripheral wound edges rather than the wound bed itself 18 . Consistent with this evidence, the 100% flap survival noted in this study is comparable to the survival of perforator flaps used for other purposes in Ajou University Hospital.
Despite recent advances in surgical technique and the use of antibiotics, the management of exposed hardware remains a challenge. We successfully managed exposed hardware following the management of lower extremity fractures by first evaluating the injury site for the presence of bony union and intact hardware. If bony union was achieved, we removed the device. If bony union was not yet achieved, and the hardware had loosened, we exchanged the hardware. Otherwise, the fixation was left untouched. We then evaluated the wound for the presence of a wound infection and osteomyelitis. Based on the outcome of this evaluation, we decided on the proper duration of antibiotic therapy. Finally, we measured the size of the soft tissue defect and decided on the type of perforator flap to use.
CONCLUSION
Based on our findings, we believe that there are several factors that need to be considered when deciding how to manage exposed hardware following lower extremity fracture management. The surgeon must decide whether to leave the hardware intact, or to remove or exchange it according to the presence of bony union and intact hardware. If a meticulous debridement is performed, in general wound infection does not appear to be an important factor in the long term management of exposed hardware. Proper antibiotics should be administered after confirming the presence of an infection or osteomyelitis. Finally, the soft tissue defect must be covered with a durable flap. In cases with device loosening, there is possibility of pro-gression to persistent infection and osteomyelitis even after properly treated with device exchange and soft tissue reconstruction. Therefore the clinicians should take this into consideration during warn the patients
